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PLAN  OF  WORK 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
in  cooperation  with 

MONTANA  DEPARTMENT  OF  NATURAL  RESOURCES 
AND  CONSERVATION 

MONTANA  COOPERATIVE  EXTENSION  SERVICE 
MONTANA  BUREAU  OF  MINES  AND  GEOLOGY 

IN  THE 

RECLAMATION  TECHNIQUES  FOR  HEAVY  METAL 
CONTAMINATED  AGRICULTURAL  LANDS  IN  DEER 
LODGE,  POWELL  AND  SILVER  BOW  COUNTIES,  MONTANA 

INTRODUCTION 

The  Mile  High  and  Deer  Lodge  Valley  Conservation  Districts  requested 
the  U.S.  Department  of  Agriculture  (USDA)  to  cooperate  in  a special  study  to 
identify  reclamation  techniques  for  heavy  metal  contaminated  agriculture 
lands  while  ensuring  that  changes  in  land  use  do  not  negatively  impact  the 
surface  and  groundwater  resources  of  the  area.  The  proposed  project  is 
an  expansion  of  a project  which  the  above  entities  are  currently  conducting. 
Funding  for  the  project  has  been  obtained  by  grants  through  the  Montana 
Department  of  Natural  Resources  and  Conservation. 

It  will  not  duplicate  any  present  or  planned  projects  and  will  fill  the 
information  void  currently  existing  in  the  area. 

Contaminated  soils  are  common  along  the  Silver  Bow  Creek-Clarks  Fork 
from  Butte  to  north  of  Deer  Lodge.  Landowners  need  to  know  of 
cost-effective  practices  for  re-establishing  hay  and  forage  production  dn 
these  soils.  Reclamation  treatments  should  be  permanent  so  future  sulfide 
oxidation  does  not  lower  soil  pH.  Metal  contents  of  forage  produced  must 


r 

I 


not  be  toxic  to  livestock.  The  project  will  also  evaluate  the  vertical  and 
areal  distribution  of  the  trace  elements  in  the  soils  and  unconsolidated 
deposits,  and  the  effects  that  irrigation  and  sub-irrigation  have  had  on 
altering  the  presence  and  location  of  trace  elements  in  the  profile. 

Information  gained  from  the  project  will  be  made  available  to  the  Silver 
Bow  creek  Super  Fund  Study,  other  groups  and  area  landowners  for  implementation. 


DESCRIPTION  OF  THE  STUDY  AREA 

During  early  mining  days,  a number  of  mills  were  operated  along  the 
upper  reaches  of  Silver  Bow  Creek  in  the  upper  Clark  Fork  Drainage  of  Western 
Montana.  Tailings  were  deposited  directly  into  the  stream  or  adjacent  to  it 
resulting  in  severe  contamination  of  the  surface-and  ground-water  system. 

In  recognition  of  the  severely  polluted  nature  of  Silver  Bow  Creek,  the  EPA 
has  designated  it  to  be  a hazardous  waste  site  under  the  "Superfund"  act. 

Agricultural  land  along  the  upper  Clark  Fork  Drainage  was  subjected  to 
contamination  from  trace  elements  associated  with  mine  tailings  entrained  in 
streamflow  and  irrigation  water.  The  now  abandoned  Anaconda  smelter  operated 
for  80  years  and  also  contributed  airborne  contaminants  as  fallout  on  the 
surrounding  area.  Extensive  riparian  land  as  well  as  upland  pasture  and 
cropland  are  currently  in  a state  of  non-use  or  limited  productivity  due 
to  toxicity  problems.  Surface-water  and  ground-water  resources  are  affected 
by,  and  are  agents  in,  trace  element  transport  within  the  basin.  Little 
is  known,  however,  about  the  vertical  and  areal  distribution  of  trace 
element  contaminants  in  the  earth  materials  and  hydrologic  system  of  the  area. 

The  type  of  historical  land  use  and  local  hydrology  are  probably 
significant  factors  in  the  distribution  and  translocation  of  trace  element 
contaminants. 
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relationship  to  other  studies 


No  previous  funding  of  agricultural  land  reclamation,  trace  element 
dletrlbutlon  and  ground-water  contamination  related  to  historical  metal 
mining  and  smelting  In  the  upper  Clark  Fork  basin  has  been  awarded.  No 
other  existing  programs  are  funding  the  scope  of  work  entailed  In  this  pro- 
posal. Through  coordination  with  other  agencies.  It  has  been  determined 
that  this  project  will  compliment  other  ongoing  or  proposed  work  on  the 
Silver  Bow  Creek-Clerk  Fork  River.  The  project  will  be  coordinated  with 
other  agencies  working  in  the  Upper  Clark  Fork  Drainage  to  ensure  dls- 
semination  and  implementation  of  the  projects  results. 


STUDY  CONCERNS  AND  OBJECTIVES 

Two  elements  will  be  carried  out  In  the  project;  a vegetative 

element  and  a hydrogeologlc  element.  The  objectives  of  both  elements  are 
as  follows: 

OBJECTIVES  VEGETATIVE  PORTION 

1.  Evaluate  differing  lime  rates  and  forage  species  for  use  in 
establishing  vegetation  on  cantaminated  soils. 

2.  Demonstrate  the  effects  of  tillage  (without  liming)  as  a 
potential  reclamation  treatment. 

3.  Test  metal  concentration  in  tissue  samples  from  plots  in  the 
lime  rate/species  suitability  study. 

4.  Maasura  soil  chamlstry  Including  extractable  metal  concentration 
using  different  extractants  to  evaluate  the  Influence  of  lime  on 

soil  characteristics.  Correlate  extractable  metal  levels  with 
plant  uptake. 
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5.  Develop  optimum  costs  and  returns  information  for  re-establishing 
hay  and  forage  production  on  contaminated  soils  for  projection 
of  project  results  to  other  lands  in  the  Upper  Clark  Fork  drainage. 

OBJECTIVES  HYDROGEOLOGIC  PORTION 

I,  The  primary  objective  is  to  quantify  the  concentrations  of  trace 
elements  in  selected  intervals  of  soil  and  unconsolidated  deposits  under- 
lying several  types  of  agricultural  sites  in  the  lower  Silver  Bow  Creek 
drainage  near  Gregson,  Montana.  2 A related  objective  is  to  identify  the 
mechanisms  and  rates  of  trace  element  movement  in  the  unsaturated  zone  and 
shallow  aquifers  of  the  sites. 

EXPECTED  RESULTS 

Elevated  metal  concentrations  in  surface  and  ground  water  in  the  upper 
Clark  Fork  Basin  have  been  considered  by  the  environmental  protection 
agency  (EPA)  to  be  a potential  public  health  hazard.  This  project  will 
quantify  the  toxic  element  concentrations  in  the  soils  and  ground  water  on 
several  typical  sites.  Uptake  of  heavy  metals  by  plants  growing  in  the  area 
may  be  occurring.  This  study  will  establish  the  extent  on  two  typical  sites, 
and  test  and  develop  potential  reclamation  measures.  This  will  be  of  value 
to  both  wildlife,  and  domestic  livestock  in  the  area. 

VEGETATIVE  PORTION 

Improvement  of  forage  stand  quality  and  productivity  in  the  upper  Clark 
Fork  Basin  has  the  potential  to  improve  the  overall  environmental  quality  of 
the  region.  The  lack  of  perennial  vegetative  cover  in  many  areas  between 
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Gregson  and  Deer  Lodge  probably  increases  recharge  of  the  shallow  ground- 
water  system,  increases  surface  runoff,  and  decreases  the  quantity  of  soil 
water  available  to  vegetation.  Heavy  metals  from  the  contaminated  soils  of 
the  area  may  be  adding  to  the  metal  load  of  surface  water  and  ground  water. 
Establishment  of  the  perennial  vegetative  cover  along  with  proper  management 
techniques  should  reduce  this  metal  loading.  An  additional  problem  caused 
by  lack  of  cover  is  the  serious  wind  erosion  problem  in  the  vicinity  of  Anaconda. 

Establishment  of  vegetative  cover  will  substantially  increase  the  land 
the  upper  Clark  Fork  Basin.  In  addition,  vegetation  will  provide 
a substantial  amount  of  protection  for  both  wind  and  water  erosion. 

The  proposed  project  will  provide  for  more  effici,ent  utilization  of  water 
in  the  upper  Clark  Fork  Basin.  Crop  water  use  efficiency  is  directly 
determined  by  the  inherent  productivity  of  iiils.  Vegetation  growing  on 
soils  in  the  upper  Clark  Fork  area  is  poorly  suited  for  the  somewhat  acid 
conditions  found  in  the  region.  The  proposed  study  will  evaluate  a variety 
of  forages  adapted  for  acid  conditions  as  well  as  a number  of  soil  treat- 
ments for  mitigating  the  soil  acidity.  Either  of  these  measures  will  provide 
for  the  increased  efficiency  of  water  utilized  for  irrigation. 

HYDROGEOLOGIC  PORTION 

Published  products  from  the  project  will  include  a report  documenting 
the  scope,  objectives,  procedures,  results  and  conclusions. 

and  returns  for  projection  of  vegetative  results  to  other  agricultural  lands 
will  be  presented  •)  Detailed  maps  showing  the  areal  distribution  of  trace 
element  concentrations  for  each  study  site  will  be  prepared.  Vertical 
distribution  of  trace  elements  and  carbonate  zones  will  be  shown  with  core- 
log descriptions  and  cross-section  maps.  All  cores  will  be  stored  and 
available  for  further  testing. 
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Results  of  porous  cup  lysimeter  sampling  will  be  presented  and 
trasted  with  that  of  the  core  extracts.  Hydrochemical  models  such  as 
WATEQF  and  PHREEQE  will  be  utilized  to  analyze  sampling  results  and  predict 
effects  of  agricultural  and  reclamation  practices. 

The  data  pertaining  to  aquifer  characteristics  will  be  tabulated. 

Well  hydrographs  will  be  displayed  graphically  and  accompanied  by  an 
interpretation  of  fluctuations.  The  local  and  regional  hydrogeology  will 
be  described  and  displayed  in  potentiometric  contour  maps.  Water-quality 
data  from  well  inventories  will  be  tabulated  and  presented  graphically  in 
Stiff  diagrams  or  other  visual  means. 

Seepage  run  data  will  be  presented  in  map  and  tabular  format  along 
with  quantitative  explanation  of  ground-water  discharge  and  seepage  rates. 
Interpretations  of  the  regional  ground— water  flow  system  and  water— 
trends  in  the  Upper  Clark  Fork  basin  will  be  made. 


USE  OF  EXPECTED  RESULTS 

Many  areas  in  the  upper  Clark  Fork  Basin  are  potentially  suitable  for 
i^^iS^bion  and  are  not  now  irrigated  because  of  the  contaminated  nature 
of  soils  rather  than  because  of  the  unavailability  of  irrigation  water. 
Identification  of  cost  effective  soil  treatments  for  the  contaminated 
soils  of  the  area  will  increase  the  acreage  of  land  available  for  irrigation. 

It  is  estimated  that  5,000  or  more  acres  in  the  upper  Clark  Fork  area 
are  adversely  effected  by  elevated  metal  concentrations  or  low  soil  pH, 
Selection  of  adapted  forage  species  or  cost  effective  soil  treatments  for 
these  lands  has  the  potential  to  increase  yields  by  10  to  50%  or  more. 

Such  an  increase  in  production  would  be  worth  hundreds  of  thousands  of 
dollars  to  the  agricultural  community  in  Silver  Bow,  Powell,  and  Deer  Lodge 
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counties.  A much  larger  area  of  dry  cropland  and  range  is  adversely 
effected  by  elevated  metal  concentrations  or  low  soil  pH.  As  with  irrigated 
lands  identification  of  soil  treatments,  forage  species  and  management 
techniques  could  significantly  increase  production  and  efficient  use  of 
these  resources.  In  addition,  these  same  techniques  will  have  statewide 
applicability  on  lands  contaminated  by  toxic  trace  elements.  The  limited 
initial  project  costs  provide  an  extremely  favorable  cost-benefit  ratio  for 
the  proposed  project. 


MANAGEMENT  OF  THE  STUDY 

Work  of  the  USDA  will  be  carried  out  in  accordance  with  the  Memorandum 
of  Understanding,  dated  August  8,  1977,  between  the  Soil  Conservation  Service 
(SCS)  and  the  Mile  High  Conservation  District.  Work  will  be  under  the  direction 
of  the  Headwaters  RC&D  Council  which  is  responsible  for  administration  of  the 
state  grant  monies  through  the  Montana  Department  of  Natural  Resources  and 
Conservation  (DNRC) . This  council  is  composed  of  the  RC&D  sponsors  in  the 
seven  county  RC&D  project  area. 

The  council  will  meet  quarterly.  The  RC&D  coordinator  will  act  as 
the  project  administrator  answering  to  the  council. 

The  RC&D  council  will  review  the  plan  of  work  annually.  Revisions 
necessary  to  keep  the  plan  of  work  compatible  with  current  instructions 
will  be  made;  significant  changes  in  the  scope,  cost,  cooperative  arrange- 
ments or  completion  date  of  the  study  will  be  reviewed  and  considered  by 
the  council  prior  to  adoption.  the  RC&D  coordinator  will  develop  procedures 
for  coordination  with  other  Federal  departments  or  agencies  and  with  the  State 
of  Montana.  The  general  work  outline  will  be  reviewed  at  each  meeting  to 
assure  that  adequate  progress  is  being  made  on  each  major  activity  in  the 
schedule. 
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The  RC&D  coordinator  will  prepare  reports  of  progress  following 
each  council  meeting  for  transmittal  to  all  cooperating  agencies  and  others 
as  requested.  The  reports  will  contain  a comparison  of  the  schedule  against 
progress  made  on  each  major  activity  in  the  general  work  outline. 

The  SCS  personnel  assigned  leadership  roles  in  this  study  are  stationed 
in  Bozeman.  Montana,  on  the  field  support  staff.  This  staff  consists  of  a 
plant  material  specialist,  conservation  agronomist,  irrigation  water  manage- 
ment specialist,  agricultural  economist,  environmental  engineer,  and 
geologist . 

Additional  technical  assistance  is  scheduled  from  field,  area  and  other 
state  personnel. 

Cooperative  extension,  and  Montana  Bureau  of  Mines  and  Geology  per- 
sonnel have  been  assigned  to  accomplish  specified  work  items. 

The  general  study  schedule  developed  for  completion  of  the  study  in 
fiscal  year  1989  is  as  follows: 

FY  1986  Project  design  collection  of  necessary  baseline  data. 

Plot  establishment,  and  collection  of  soils  and  vegetative 
data  on  plots  established  in  earlier  study  (study  funded 
by  earlier  grant  which  was  smaller  in  scope.) 

FY  1987  Ongoing  collection  of  vegetative  and  hydrogeologic  data. 

Collection  of  crop  production  in  lands  in  study  area. 
Collection  of  irrigation  water  management  information  on 
irrigated  lands  in  the  study  area. 

FY  1988  Ongoing  collection  of  vegetative  and  hydrogeologic  data. 
Economic  assessment  started. 

FY  1989  Evaluations,  assessments,  and  analysis  will  be  completed 
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to  the  detail  necessary  to  produce  final  reports  adquate  to 

develop  necessary  implementation  programs  and  dissemination 
of  data. 


OUTLINE  OF  WORK 

The  following  presentation  shows  the  major  activities  involved  in 
carrying  out  the  study;  a description  of  individual  work  items  and  who  will 
perform  them;  a timing  schedule  for  starting  and  completing  each  item;  and 
an  estimate  of  man-days  for  each  job. 
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SUMMARY  OF  SCS  PERSON-DAYS 
SCHEDULED  BY  FISCAL  YEAR 


Specialist 

Assistant  State  Conservationist  (WR) 

Field  Support  Staff: 

Plant  Material  Specialist 
Conservation  Agronomist 
l^^^^ig^tion  Water  Mgt.  Specialist 
Agricultural  Economist 
Environmental  Engineer 
Geologist 

Other  State  Staff: 

Cartographic  Technician 
Soil  Conservation  Technician 
Others 


FY1986  FY1987  FY1988  FY1989 


Area  I Staff: 

Area  Conservationist 
District  Conservationist 
Soil  Conservationist 
Soil  Scientist 
Engineering  Technician 
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A 6 6 4 

5 7 7 

5 5 

4 


40  39  42  51 


TOTAL 


SUMMARY  OF  PERSON-DAYS  AND  COSTS 


STUDY  NAME:  RECLAMATION  TECHNIQUES  FOR  HEAVY  METAL 

CONTAMINATED  AGRICULTURAL  LANDS  IN  DEER  LODGE, 
POWELL,  AND  SILVER  BOW  COUNTIES,  MONTANA 


FY1986  FY1987 
Cost  P/Days  Cost/  P/Days 
Itams  Worked  $1000  Worked 


FY1988  FY1989 

Cost/  P/Days  Cost/  P/Days  Cost/ 

$1000  Worked  $1000  Worked  $1000 


Personnel 


SCS 

40 

5.5 

39 

CES 

18 

2 

16 

MBMG 

DNRC 

22 

2.4 

126 

3 

Overhead 


SCS 

1.7 

CES 

.9 

MBMG  1 

DNRC 


7.7 

42 

8.3 

51 

10.1 

1.8 

17 

1.9 

16 

1.8 

13.7 

127 

13 

49 

5.4 

2.3 

2.5 

3 

.8 

.8 

.8 

6 

6 

2.3 

Travel 

SCS 

CES 

MBMG 

DNRC 


1 

.9 
. 1 


1 

.8 

.5 


1 

.9 

.5 


1 

.8 

.2 


Contract 


SCS 

CES 

MBMG 

DNRC 

5.7 

Subtotals 

SCS 

8.2 

CES 

3.8 

MBMG 

3.5 

DNRC 

5.7 

GRAND  TOTAL 

21.2 

Added  18  percent  for  leave  and  holidays 

2 

Added  10  percent  for  benefits  for  SCS. 


5.7 

5.7 

5.7 

11 

11.8 

14.1 

3.4 

3.2 

3.4 

20.2 

19.5 

7.9 

5.7 

5.7 

5.7 

40.3 

40.2 

31.1 

for  SCS  input. 


Approximately  25  percent  of  salaries  for  logistics  and  5 percent  of  total  for  ad- 
ministrative overhead  for  SCS. 

Note:  All  costs  and  time  inputs  for  CES,  MBMG,  and  DNRC  taken  from  Renewable  Resource 

Development  Proposal  approved  by  1985  Montana  State  Legislature.  All  costs  for 
these  agencies  are  covered  by  the  Grant  except  for  $13,244  MBMG  and  $1,820  Land- 
owner  input. 
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STUDY  NAME:  RECLAMATION  TECHNIQUES  FOR  HEAVY  METAL  CONTAMINATED  AGRICULTURAL  LANDS  IN  DEER  LODGE,  POWELL  AND  SILVER 


BOW  COUNTIES,  MONTANA. 


DATE:  JANUARY  19S5' 


Work  Item 


Product 


Project  Design 

1.  Site  selections — select  ad- 
ditional sites  to  expand  current 
project.  Field  time  to  obtain 
required  soils  and  vegetative 
data  from  potential  sites. 


2.  On  site  collection  of  detail 
ed  soils  information  and  soil 
samples . 


3.  Ground  water  and  soil-water 
monitoring  and  sampling  sites 
and  sampling  tech,  development. 


II .Project  Implementation 
1.  Vegetative  Portion 


Selection  of  2 additional 
sites  after  analysis  of 
preliminary  data  from 
sites  reviewed.  Selection 
of  plant  material. 


Detailed  soils  information 
for  baseline  data. 


Base  line  data  and  ability 
for  continuing  monitor- 
ing and  analysis. 


END 

(Mo./Yr.) 
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Person-Days  includes  18  percent  added  for  leave  and  holidays. 
Identifies  person  with  leadership  responsibility. 


04/86 


04/86 
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STUDY  NAME; 


RECLAMATION  TECHNIQUES  FOR  HEAVY  METAL  CONTAMINATED  AGRICULTURAL  LANDS  IN  DEER  LODGE,  POWELL  AND  SILVER 
BOW  COUNTIES,  MONTANA. DATE:  JANUARY  1935 


Work  Item 


Person-Days  by  Agency  and  Specialist 


Product 


c 

M 

j Work  Period 

SCS 

E 

§ 

TOTAL 

G 

1 

START 
(Mo./Yr.) 


END 

(Mo./Yr.) 


a.  Plot  establishment 
prepara  cion /installation 

b.  Emergence;  composition 


c . 


Harvest 


d.  Plant  tissue  analysis 
(collection,  SCS)  (collection 
and  analysis  CES) 

e.  Collection  of  production 
information  on  existing  dry- 
land and  irrigated  cropland 
data  on  lands  adjacent  to  the 
site . 


Liming  and  seeding  of 
selected  plots. 

Stand  establishment 
documentation. 

Yield  determination 

Determine  uptake  of  heavy 
metals  by  plant  materials 


Document  existing  pro- 
duction on  productive 
lands  and  level  of  man- 
agement . 


*4 

*8 


Document  existing  level 
of  irrig.  water  mgt. 


f.  Collection  of  irrig.  water 
mgt.  on  existing  irrig.  lands 
adjacent  to  the  site. 

1.  Person-Days  includes  18  percent  added  for  leave  and  holidays 
* Identifies  person  with  leadership  responsibility. 
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16 
21 

10 


I 


04/86 


07/86 


I 08/86 

i 

! 08/86 


08/86 


!! 


11“ 


08/86 
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07/86 

08/88 

08/88 
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STUDY  NAME:  RECLAMATION  TECHNIQUES  FOR  HEAVY  METAL  CONTAMINATED  AGRICULTURAL  LANDS  IN  DEER  LODGE,  POWELL  AND  SILVER 


BOW  COUNTIES,  MONTANA. 


DATE:  JANUARY  ,1935 


Work  Item 


2 . Hydrogeologic  Portion 
a.  Soil  sample  collection. 


b.  Soil-water  and  ground  water 
analysis  collection. 


c.  Aquifer  testing. 


Product 


Correlate  soils  and  plant 
tissue  levels  of  heavy 
metals  content. 

Establish  ground-water 
quality  and  potential  con- 
tamination in  region  and 
potential  modes  of  trace 
element  transport  in  the 
hydrologic  regime  of  the 
site. 

Aquifer  characteristics 
interpretation  of  fluc- 
tuations and  water  qual- 
ity data  tabulated. 


1.  Person-Days  includes  18  percent  added  for  leave  and  holidays. 
* Identifies  person  with  leadership  responsibility. 
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STUDY  NAME:  RECLAMATION  TECHNIQUES  FOR  HEAVY  METAL  CONTAMINATED  AGRICULTURAL  LANDS  IN  DEER  LODGE,  POWELL  AND  SILVER 

BOW  COUNTIES,  MONTANA. DATE:  JANUARY  1985  ‘ 


Identifies  person  with  leadership  responsibility. 
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